ABSTRACT. Hematological abnormalities were investigated in 13 cats with myelodysplastic syndrome (MDS). Examination of the peripheral blood samples from the 13 cats revealed anemia in 11 cats, leukopenia in 9 cats, and thrombocytopenia in 9 cats. Four cats had pancytopenia (30.8%) and 9 cats had bicytopenia (69.2%). Dysplastic changes of erythrocytes, neutrophils, and platelets in the peripheral blood were found in 5, 10 and 8 cats, respectively. Bone marrow examination of the 13 cats revealed that ratios of blast cells to all nucleated cells (ANC) ranged from 0 to 20%. Ratios of erythroid progenitor cells to ANC were more than 50% in 3 cats and less than 50% in 10 cats. Eosinophils accounted for more than 5% of non-erythroid cells in 10 cats. Dysplastic changes in the granurocytic, erythrocytic, and megakaryocytic cells in the bone marrow were found in 11, 7 and 5 cats, respectively. Dysplastic changes in these cats included giant neutrophils, ring-nucleated neutrophils, binuclear myelocytes, hypersegmented and hyposegmented neutrophils, megaloblastoid erythroblasts, multinucleated erythroblasts, micromegakaryocytes, and segmented multinucleated megakaryocytes. Virological examination indicated the presence of feline leukemia virus antigen in the peripheral blood from all of the 13 cats with MDS. The peripheral blood cytopenias and dysplastic changs in each blood cell lineage in the bone marrow were shown to be important for the diagnosis of MDS in cats.-KEY WORDS: dysplastic change, feline, feline leukemia virus, myelodysplastic syndrome.
Myelodysplastic symdrome (MDS) is a hematopoietic disorder characterized by dysplastic changes of blood cell progenitors which result in ineffective hematopoiesis in the bone marrow and cytopenias in the peripheral blood.
In 1982, hematologic disorders corresponding to preleukemia or hemopoietic dysplasia (HPD) [5, 13] were collectively categorized as myelodysplastic syndrome (MDS) in the French-American-British (FAB) classification system for acute leukemias in humans [4] . In the field of veterinary medicine, a variety of non-lymphoid hematopoietic neoplasias were previously referred to myeloproliferative disorders (MPD). Recently, diagnostic classification criteria was developed for canine and feline hematopoietic neoplasms according to the human FAB classification system [9] . Jain et al. reported that 21.5% of cats with MPD were classified into MDS [9, 10] , and several other studies described that clinical symptoms and hematologic abnormalities in cats with MDS were similar to those found in human patients with MDS [2, 6, 15, 16] . These findings indicate that MDS is not a rare form of hematopoietic disorder in cats.
Although MDS has been diagnosed in cats in these studies, detailed hematologic findings characteristic to MDS in multiple cat cases have not been demonstrated. This paper deals with the systematic hematological studies on 13 cats diagnosed as MDS.
MATERIALS AND METHODS
Cases: Thirteen cats were diagnosed as MDS according to the classification criteria for MPD in cats [10] . MDS is diagnosed based on the blast cell count in the bone marrow and dysplastic changes of the hematopoietic cells. The count were obtained in each case. Peripheral blood smears stained with Wright-Giemsa were used to examine the morphological abnormalities indicating dysplastic changes in erythroid, granulocytic, and thrombocytic lineages.
Bone marrow examination: Smears of bone marrow aspirates were stained with Wright-Giemsa. More than 1,000 nucleated cells in each cat were differentiated for myelogram. The ratio of blast cells of types I and II in FAB classification [3] to all nucleated cells (ANC) and nonerythroid cells (NEC) were calculated. Iron staining was performed using Berlin blue method for the bone marrow samples from 5 cats. The ratio of total erythroblasts to ANC was calculated. Morphological abnormalities in erythroid, granurocytic, and megakaryocytic lineages were investigated.
Virological tests: Plasma samples obtained from the cats were examined for feline leukemia virus (FeLV) antigen and feline immunodeficiency virus (FIV) antibody by enzime-linked immunosorbent assay (ELISA).
Classification of the type of MDS: Based on the blast and ringed sideroblast count in the bone marrow, and the monocyte count and granulocyte ratio in the peripheral blood and bone marrow, MDS were further classified into 5 subgroups such as refractory anemia (RA), RA with ringed sideroblasts (RARS), RA with excess of blast (RAEB), RAEB in transformation (RAEB-t) and chronic myelomonocytic leukemia (CMMoL) according to the human MDS classification system [4] .
RESULTS
Clinical signs: All of the 13 cats diagnosed as MDS were anorectic, weak, and depressed at the examination. Six of the 13 cats had fever higher than 39.3°C. Gastrointestinal signs such as vomiting and diarrhea (4 cats), respiratory sings such as coughing and purulent nasal discharge (4 cats), and hemorrhagie diatheses such as hemoptysis, hematemesis, melena or purpura (4 cats) were frequent clinical symptoms in these cats. Other clinical signs included stomatitis (3 cats) and lymphadenopathy (2 cats).
Peripheral blood examination: The results of the peripheral blood examination on the 13 cats are shown in Table 2 . Packed cell volume (PCV) in these cats with MDS ranged from 8 to 28% (mean ± SD 16.2 ± 6.7%).
Comparing with the normal range of PCV for cats (24-45%) [18] , most of the cats with MDS (11/13) were shown to be anemic. Mean corpuscular volume (MCV) ranged from 35.2 to 69.9 fl (50.6 ± 9.6 fl). Mean corpuscular hemoglobin concentration (MCHC) ranged from 29.6 to 38.8% (33.8 ± 3.0%). WBC counts ranged from 600 to 14,400/µl (4,154 ± 4,400/µl), neutrophil counts ranged from 0 to 11,664/µl (1,972 ± 3,328/µl). Nine cats were shown to have leukopenia below the normal range of WBC count in cats (5,500-19,500/µl) [16] , and 10 cats had neutropenia below its normal range (2,500-12,500/µl) [16] . In one cat (No. 5), a significant increase in the count of monocytes including immature monocytes (4,200/µl) was observed. Thrombocytopenia was found in 9 of the 13 cats, and an apparent thrombocytosis was found in one cat (No.1).
From these blood cell counts, of the 13 cats, 4 (30.8%) were shown to have pancytopenia, and 9 (69.2%) were shown to have bicytopenia (4 cats with anemia and neutropenia, 3 cats with anemia and thrombocytopenia, and 2 cats with neutropenia and thrombocytopenia). In addition, a small number of blasts were seen in 2 cats (Nos. 5 and 11).
In the peripheral blood, dysplastic changes of the neutrophils such as giant neutrophils (8 cats), ring-shaped nucleated neutrophils (3 cats), hypersegmented neutrophils (3 cats), hyposegmented neutrophils (1 cat) and/or myeloperoxidase (MPO) -negative neutrophils (1 cat) were found in a total of 10 cats. Dysplastic changes of the erythrocytes such as macrocytes (5 cats), increased number of erythrocytes with Howell-Jolly bodies (5 cats) and Pappenheimer bodies (1 cat) were shown in a total of 6 cats. Giant platelets suggesting a dysplastic change of platelets were seen in 8 cats. In 2 of the 13 cats, dysplastic change was not found in the peripheral blood. From these observations, dysplastic changes in the peripheral blood cells were found in one blood cell lineage (3 cats), two blood cell lineages (4 cats) or all of the three blood cell lineages (4 cats).
Bone marrow examination:
The results of bone marrow examination on the 13 cats with MDS are shown in Table 3 . The ratios of blast cells to ANC ranged from 0 to 20%. The ratios of erythroblasts to ANC exceeded 50% in 3 cats, and the ratios of blast cells to NEC in these 3 cats were less than 30%. The ratios of eosinophils to NEC were more than 5% in 10 cats. A cat (No.5) had apparent monocytosis in the peripheral blood, however, did not have increased number of monocytic cells (8% of ANC) in the bone marrow. The numbers of megakaryocytes were increased in 3 cats and decreased in 4 cats.
Dysplastic changes indicating dysgranulopoiesis, dyserythropoiesis, and dysmegakaryopoiesis were detected in 11, 7 and 5 cats, respectively. Dysplastic changes in granulocytic cells included giant neutrophils (11 cats), ringnucleated neutrophils (8 cats), myelocytes with double nuclei (6 cats), maturation disintegration between the nucleus and cytoplasm (4 cats), decreased numbers of azurophilic granules in promyelocytes (2 cats), hypersegmented neutrophils (1 cat), hyposegmented neutrophils indicating Pelger-Huët-like nuclear anomaly (1 cat) and monocyte-like changes (1 cat) (Figs. 1 and 2 ). Dysplastic changes in erythroid cells included megaloblastic changes (6 cats), multiple nucleation (3 cats) and karyolysis (1 cat) (Figs. 3 and 4) . Dysplastic changes in megakaryocytic cells included micromegakaryocytes (5 cats), segmented multinucleated megakaryocytes (2 cats) and small mononuclear megakaryocytes (one cat) (Figs. 5 and  6 ). These morphological abnormalities indicating dysplastic changes were found in all of the three blood cell lineages (1 cat), two lineages (5 cats, granulocytic/erythroid; 2 cats, granulocytic/megakaryocytic; 1 cat, erythroid/ megakaryocytic), or one lineage (3 cats, granulocytic; 1 cat, megakaryocytic).
Iron staining revealed that the ratios of ringed sideroblasts to ANC were increased in 2 cats (No.9, 18%; No.10, 16%) (Fig. 7) . Virological tests: Twelve of the 13 cats with MDS in this study were positive for serum FeLV antigen (Table 2) . Of the 6 cats tested for FIV antibody, 2 cats were found to be infected with FIV. Classification: According to the human MDS classification system, the 13 cats of MDS in this study were classified into 5 subgroups of MDS. RA was diagnosed in 2 cats (Nos. 1 and 2), which had less than 5% blast cells of ANC. RARS was diagnosed in 1 cat (No. 10), which had less than 5% blast cells and more than 15% ringed sideroblasts of ANC. RAEB was diagnosed in 8 cats (Nos. 3, 4, 6, 7, 8, 9, 12, and 13) . In these cats, blast cells count were more than 5% but less than 20% of ANC. RAEB-t was diagnosed in 1 cat (No. 11), in which blast cells count was more than 20% of ANC. CMMoL was diagnosed in 1 cat (No. 5), which had an increase of monocytic cells in peripheral blood ( 1000/µl) and less than 20% blast cells of ANC (Table 1 ). In addition, 3 (Nos. 2, 10, and 11) of these 13 cats with MDS were confirmed to be MDS-Er by the diagnostic criteria for MDS in cats proposed by Jain et al. [9] . DISCUSSION MDS is characterized by cytopenia in the peripheral blood due to the myelodysplasia. The most common form of cytopenia in the 13 cats with MDS was anemia which was shown in 11 of the 13 cats (84.6%) in this study. On the other hand, the incidences of neutropenia and thrombocytopenia were 76.9% and 69.2%, respectively in our cases. Jain et al. [10] found anemia in 29 out of 39 cats (74.4%) with MDS, and Blue et al. [6] also detected anemia in 20 of 21 cats with MDS (95.2%). Accordingly, anemia can be recognized as one of the most frequent hematological abnormalities in feline MDS. Incidence of neutropenia in MDS was variable in previous reports [6, 10, 16] . Incidence of neutropenia in feline MDS is considered to be less frequent than that of anemia.
In MDS, bicytopenia or pancytopenia is a characteristic feature of the peripheral blood. In this study, 4 cats had a n e m i a a n d n e u t r o p e n i a , 3 h a d a n e m i a a n d thrombocytopenia, and one had neutropenia and thrombocytopenia. Other than these cats, 4 cats were shown to have pancytopenia. Although the development of MDS is conceivably due to the abnormality of blood progenitor cells, several combination of cytopenia can be observed in cats with MDS.
In the peripheral blood, among the dysplastic changes of erythrocytes, macrocytes frequently containing Howell-Jolly bodies were found in 5 cats with MDS in this study, although high values of MCV were shown in 3 cats. Blue et al. found the increased MCV in 48% of cats with MDS [6] . However, increased MCV is not unique to feline MDS, since increased MCV has been generally observed in FeLVinfected cats with nonregenerative anemia [20] . The formation of macrocytes in nonregenerative anemia in cats with FeLV might be attributable to incomplete cell division of erythroblasts. Therefore, as is the case with MDS, ineffective erythropoiesis may be the cause of nonregenerative anemia in cats infected with FeLV. Similarly, the increased number of erythrocytes with Howell-Jolly bodies may be due to the abnormal maturation of nuclei. Thus, the formation of macrocytes and increased number of erythrocytes with Howell-Jolly bodies can be considered as important findings indicative of ineffective erythropoiesis. Hypoplasia of erythroid cells was seen in the bone marrow of 6 cats with MDS in this study, although erythroid hypoplasia is not common in human MDS. Erythroid hypoplasia is often observed in FeLV-infected cats [7] , and in particular, pure red cell aplasia is frequently induced by infection with FeLV subgroup C [14] . Therefore, it is sometimes difficult to determine whether the hypoplasia of erythroid cells is due to MDS or other hematologic disordered induced by FeLV infection.
Of the dysplastic changes of blood cells, those found in granulocytic cells were most common in both of the peripheral blood and bone marrow of the cats that developed MDS in this study. The giant neutrophils, ring-shaped nucleated neutrophils, and hypersegmented neutrophils were the most frequently observed dysplastic changes of granulocytes in the peripheral blood. In addition to these morphological abnormalities, binucleated myelocytes, decreased number of azurophilic granules in promyelocytes, and maturation disintegration between the nucleus and cytoplasm were common in the bone marrow. These findings are considered to be very characteristic and diagnostic to MDS in the cats.
Micromegakaryocytes indicating a primary dysplastic change of megakaryocytes are also characteristic to chronic myeloid leukemia and acute megakaryocytic leukemia. Asanaga et al. [1] reported the correlation between the appearance of micromegakaryocytes and development of leukemia in humans, and showed that the presence of micromegakaryocytes was a indicator for the prognosis of MDS. Micromegakaryocytes frequently observed in feline MDS are considered to be important for the diagnosis, and may have a correlation with the development of subsequent AML and the prognoses of the cases. In this study, although eosinophilia in the peripheral blood was shown in only one cat, the numbers of eosinophilic cells were more than 10% of NEC in the bone marrow in 8 of the 13 cats (61.5%). Jain et al. [9] found increased number of eosinophils in bone marrow in all of the 10 cats with MDS. In another study MDS-Eos was defined for the cases with increased eosinophil counts greater than 10% of ANC, and two of 39 cats with MDS were diagnosed as MDS-Eos [10] . In humans, several cases of MDS with eosinophilia have been reported [11, 17, 19] , and the eosinophils were shown to be derived from abnormal clones of the bone marrow. It will be required to characterize the eosinophilia in MDS in cats.
In the present study, 13 cats were diagnosed as MDS on the criteria of human FAB classification system. During the same period when we carried out this study, 10 cats were diagnosed as AML based upon the same criteria. In a part of cats with AML, cytopenias in the peripheral blood are often observed. Furthermore, cytopenias due to a variety of diseases including aplastic anemia, pure red cell aplasia, lymphoma, and acute lymphoblastic leukemia are often shown in cats infected with FeLV. Therefore, the present study showing detailed hematological characteristics of feline MDS based upon the FAB classification will be useful for the diagnosis of hematologic disease in cats, especially in those infected with FeLV.
Human MDS is classified into 5 subtypes [4] . However, MDS is not subclassified in dogs and cats [9] . In this report 13 cases of feline MDS were subclassified according to the criteria of man, and every subtype was observed. Each subtype of human MDS has variable prognosis and probability of transition to AML [21] .
The prognosis of feline MDS would be depended on each subtype as is seen in man. Therefore, feline MDS should be subclassified.
